Purpose: Currently there is no effective medicinal treatment for uterine fibroids (UFs), a common health disorder that affects women of reproductive age. Identification of modifiable risk factors such as vitamin D (Vit D) deficiency could help develop novel strategies for the prevention and/or treatment of UFs. The purpose of this study was to identify whether low serum Vit D 3 levels correlate with increased risk of UFs. Methods: A total of 154 premenopausal women were recruited for this cross-sectional study. The control group comprised 50 subjects with a normal, fibroid-free uterine structure, confirmed by transvaginal ultrasonography. The 104 case subjects had at least one fibroid lesion that was 2 cm 3 in volume or larger, confirmed by transvaginal ultrasonography. For each case subject, total uterine volume and total volume of all existing fibroids were measured in three perpendicular planes, with volume determined according to the prolate ellipse formula (a × b × c × 0.523), where a is height, b is width, and c is depth. Serum Vit D [25(OH) D 3 ] levels were measured by radioimmunoassay. The independent t-test was used to compare serum Vit D levels across groups. Correlations were assessed by Spearman's rank correlation test. Results: Lower serum 25-(OH) Vit D levels were significantly associated with the occurrence of UFs (P = 0.01). A statistically significant inverse correlation was also observed between serum 25-(OH) Vit D levels and total UF volume (r = −0.31; P = 0.002) within the case cohort. Subjects with larger fibroid volumes had lower serum Vit D levels and vice versa. Data stratified for ethnicity showed a statistically significant inverse correlation between serum 25-(OH) Vit D levels and total fibroid volume in black subjects (r = −0.42; P = 0.001). An inverse correlation was also evident in white subjects (r = −0.86; P = 0.58) but this did not reach statistical significance.
Introduction
Uterine fibroids (UFs) are the most common benign tumors affecting the health of women of reproductive age. 1 The prevalence of UFs is reported to be as high as 77%. [2] [3] [4] [5] In addition, women of color suffer a much higher incidence, at least two times higher odds, than white women of developing this serious disease. 2, 3 Many UF patients suffer pelvic pain, menorrhagia, dysmenorrhea/dyspareunia, pressure-related symptoms, miscarriage, and subfertility. 6 Currently, there is no effective medicinal treatment for UFs, and the enormous cost burden of this common disease on the US health care system is estimated to be about $34.4 billion per year. 7 There are a range of current management options: removal of the uterus (hysterectomy), removal of the fibroid lesions (myomectomy), uterine artery embolization, imageguided focused ultrasound thermal therapy, and, in mild cases, reassurance and observation. 6, 8, 9 Currently, novel noninvasive treatment options for UFs -such as localized gene therapy, oral green tea extracts, and selective progesterone receptor modulators -are being explored by the authors' laboratory and by others. 8, [10] [11] [12] [13] A safe and effective oral treatment option for UFs would be a major advance in the field and it would have an immense impact on women's health worldwide.
Vitamin D (Vit D) is a prohormone produced in the skin via a sunlight-initiated reaction and metabolically converted to the active metabolite 1,25-dihydroxyvitamin D3 [1, 25(OH) 2 D 3 ], mainly in the liver and kidneys.
14 Vit D exerts its effects via activation of its cellular receptor (vitamin D receptor [VDR] ), which in turn alters the transcription rates of target genes responsible for various biological responses. [15] [16] [17] Local production of 1,25(OH) 2 D 3 is dependent on circulating precursor levels, which may explain the association of serum Vit D deficiency with various diseases. 18 Diverse functions for Vit D have been confirmed by the presence of VDR in a wide range of human tissues, including skin, colon, brain, pancreas, and breast, as well as activated T and B lymphocytes, monocytes, and macrophages.
14 The authors and others have recently demonstrated VDR expression in both the myometrium and the endometrium of the human uterus, throughout the menstrual cycle, in addition to UF tissues. [19] [20] [21] The ability of 1,25(OH) 2 D 3 to inhibit growth and promote differentiation of a variety of cell types has suggested diverse functions in preventing cancers, modulating the immune system, and controlling various endocrine systems. 22 This effect is mediated predominantly through a G 1 /S (gap 1/synthesis) phase block of the cell cycle. The 1,25(OH) 2 D 3 regulates many of the cell cycle regulatory genes and modulates activities of cyclin-dependent kinases, leading to a decreased number of cells in the S phase and an accumulation of cells in the G 0 -G 1 phase. 23, 24 The authors have recently shown that Vit D inhibited extracellular signal-regulated kinase activation and downregulated the expression of anti-apoptotic (BCL-2, BCL-w), cell cycle-regulating (cyclin-dependent kinase 1), and cell-proliferating (proliferating cell nuclear antigen) genes in human fibroid cells. 25 The authors have also demonstrated that Vit D is an antifibrotic factor that inhibits the growth of human fibroid cells in a dose-dependent fashion by significantly reducing many of the transforming growth factor beta 3 (TGF-β3)-mediated effects such as the TGF-β3 induction of fibronectin and collagen type 1 protein expression, the induction of protein expression of plasminogen activator inhibitor-1, and the phosphorylation of Smad2 as well as nuclear translocation of Smad2 and Smad3. 15 Furthermore, the authors have recently demonstrated the ability of Vit D to safely shrink UF lesions in Eker rats, an authentic orthotopic animal model for UFs. 26 Taken together, these findings suggest that Vit D may be a potentially useful therapeutic agent for the nonsurgical management of UFs. 15 This report evaluates the possible correlation between serum Vit D 3 levels and the tumor burden of UF disease in a diverse population of women of reproductive age.
Methods Subjects
This cross-sectional observational study was performed at the outpatient gynecology clinic of Sohag University's Faculty of Medicine, (Sohag, Egypt), which serves more than 9 million people as a tertiary care center. This study did not involve any treatment or intervention, and the Sohag Medical School Ethical Committee approved this study. Written informed consent was obtained from eligible candidates before participation in the study, and the racial assignment of these subjects was by self-identification in clinic records.
Women between 18 and 50 years of age who were in a premenopausal status (menstrual cycle day 3 serum folliclestimulating hormone , 10 mIU/mL) were considered eligible to participate in the study. The final 154 women recruited for this study were between 22 and 45 years of age. They included 50 participants with a normal, fibroid-free uterine structure, based on transvaginal ultrasonography (TVU), who were used as the control group. The remaining 104 participants were case subjects and had at least one fibroid lesion with a mean volume of 2 cm 3 or greater, as confirmed by TVU. For each case subject, both total uterine volume and total volume of all existing fibroids (total fibroid volume) were measured. The case subjects were recruited from women presenting to university clinics with various UF-related symptoms. The control subjects were recruited from asymptomatic women seen at these clinics for routine well women exams. Women with one or more of the following conditions were excluded: prior myomectomy or hysterectomy; current pregnancy, or a pregnancy within the 6 months prior to the start of the study; currently lactating, or lactating within the 6 months prior to the start of the study; and candidates who had experienced an abortion or miscarriage within the 6 months prior to the start of the study. Women currently using a vitamin supplement or any hormonal treatment or women who had used a vitamin supplement or any hormonal treatment within the 6 months prior to enrollment were also excluded from the study.
Study methodology
The study procedure involved a brief history and physical examination including biometric measurement, pelvic screening, and bimanual examination. Blood samples were also collected from each participant during the study visit. Serum Vit D [25(OH) D 3 ] levels were measured using radioimmunoassay techniques described previously. [27] [28] [29] Briefly, the DiaSorin Liaison ® 25-OH Vitamin D Total assay (DiaSorin Inc, Stillwater, MN, USA), which uses direct competitive chemiluminescence immunoassay technology (approved by the US Food and Drug Administration), was employed for the quantitative determination of 25-hydroxyvitamin D at Heartland Assays Inc ® (Ames, IA, USA). 27, 28 The sensitivity for this assay is 2.5 ng/mL, and the inter-and intra-assay coefficients of variation are 11.2% and 8.1%, respectively. Recovery of endogenous 25(OH)D is 100%. 29 Ultrasound evaluations were performed by TVU on all consenting subjects, while transabdominal ultrasonography was performed as needed for some subjects for whom TVU was not sufficient to evaluate the fibroid lesions in their entirety -particularly, large fundal fibroids. The ultrasonography assessment was performed using an Acuson 128 XP10 ® ultrasound machine -fitted with a 3.5/5.0 MHz endovaginal probe for the transvaginal scan and a 2.5/3.5 MHz convex probe for the abdominal scan. One physician (a certified ultrasonographer) who was not aware of the study objectives or group assignments performed all of the ultrasound scans.
The following parameters were evaluated by TVU: • total uterine size, as measured in three perpendicular planes • number of fibroid lesions • volume of all fibroid lesions, determined according to the prolate ellipse formula (a × b × c × 0.523), where a is height, b is width, and c is depth • position/location of each fibroid lesion within the uterus (uterine fundus, lower uterine segment, cervix, extrauterine) charted on a standardized anatomical sketch of the uterus and numbered to ease identification of each fibroid lesion over the course of the study • unusual characteristics (echogenicity, presence of calcifications, presence of central necrosis, etc) of each fibroid lesion.
Statistical analysis
Data entry, screening, and analysis were carried out using statistical software (SPSS, v 19.0; IBM Corporation, Armonk, NY, USA). Descriptive analysis was performed using means, frequencies, standard deviations, and percentages.
The independent t-test was used to compare serum Vit D levels across groups. Correlations were assessed by Spearman's rank correlation test. A P-value # 0.05 was considered significant.
Results

Study population demographics
Of the 154 women who participated in the study, 87 were black and 67 were white. Of these participants, 104 women were confirmed by TVU to have at least one UF -with a volume of 2 cm 3 or greater -and so served as case subjects ( Table 1 ). The remaining 50 participants showed normal uterine structure with no UFs and so served as healthy controls (case-to-control ratio of 2:1).
The age of participants ranged from 22 to 45 years (mean age, 36.9 ± 6.3 years) ( Table 1 ). The mean age of the white subjects (38 ± 5.7 years) was slightly higher than but not significantly different to that of the black subjects (36.2 ± 6.7 years; P = 0.28). On the other hand, the mean body mass index (BMI) of the black subjects (30.8 ± 7.7) was significantly higher than that of the white subjects (28.0 ± 6.1; P = 0.05). There were no significant differences between case and control cohorts in age, BMI (Table 1) , religious affiliation, or gynecological and obstetrical history.
Lower serum Vit D levels are associated with increased risk of UFs in different ethnic groups
To identify a potential association between serum Vit D levels and risk of UFs, the authors evaluated the serum levels in subjects with symptomatic UFs and in well-matched healthy controls (as described in the Methods section) ( Table 1) . As expected, the mean level of serum 25-OH Vit D, plus or 
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Dovepress minus standard deviation, was found to be significantly lower in the black subjects (14.2 ± 5.2 ng/mL) than in the white subjects (25.5 ± 12.2 ng/mL), irrespective of disease status (P = 0.03). Interestingly, the mean level of serum 25-OH Vit D, plus or minus standard deviation, was found to be significantly lower in cases with UFs (19.7 ± 11.8 ng/mL) than in healthy controls (22.3 ± 6.5 ng/mL) (P = 0.01) ( Figure 1 and Table 2 ). Furthermore, after stratifying the data to black and white subjects, the authors observed a statistically significant difference in serum 25 (OH) Vit D levels between cases and controls within each ethnic group. Black subjects diagnosed with symptomatic UFs had lower serum 25 (OH) Vit D levels (12.9 ± 5.0 ng/mL) than black healthy controls (18.30 ± 3.35 ng/mL; P = 0.05) ( Figure 2A and Table 2 ). Similarly, white subjects diagnosed with UFs had lower serum 25 (OH) Vit D levels (24.45 ± 12.85 ng/mL) than white healthy controls (29.53 ± 8.13 ng/mL; P = 0.052) ( Figure 2B and Table 2 ).
Serum Vit D levels inversely correlate with the severity of UF disease
Next, the authors wanted to assess if a dose-response effect exists between serum Vit D levels and the severity of fibroid disease in the case cohort. Interestingly, a statistically significant inverse correlation (r = −0.31; P = 0.002) was observed between serum 25-(OH) Vit D levels and total volume of UFs (Figure 3) within the case cohort. In other words, for participants with UFs, the lower the serum Vit D levels, the larger the total fibroid volume, and vice versa.
On stratifying the data based on ethnicity into blacks and whites, a statistically significant inverse correlation (r = −0.305; P = 0.001) was observed between serum 25-(OH) Vit D levels and total fibroid volume in the black subjects ( Figure 4A ). In the white subjects ( Figure 4B ) the inverse correlation was evident (r = −0.86; P = 0.58), but this did not reach statistical significance.
Discussion
The authors have recently reported, for the first time, in vitro data describing a potential central role for Vit D in the biology of UFs. 15, 30 Additionally, the authors' recent in vivo data from the Eker rat model of UFs confirmed subcutaneously infused Vit D's ability to shrink UF lesions via induction of apoptosis and inhibition of proliferation. 26 These encouraging results, and the recent reports on the prevalence of hypovitaminosis D in developing countries, 31 triggered the present authors to explore -especially in a population comprising both blacks and whites -the possible correlation between serum Vit D and the occurrence and severity of UFs.
The participants in this study are from a mixed population. As Egypt is part of Mediterranean North Africa, Egyptians are often grouped with Near Eastern populations because of similar genotypic signatures and phenotypic attributes such as lighter skin pigmentation. However, recent genomic studies 32, 33 have also documented significant signatures of sub-Saharan African ancestry with black races introduced into North African Egyptian populations about 750 years ago. Thus, the Egyptian population, with its mix of Africans (blacks, originating mostly from southern Egypt) and Caucasians (whites, from northern Egypt), is an ideal population to test the authors' hypothesis. Interestingly, the level of serum 25-OH Vit D was found to be significantly lower in the black subjects than in the white subjects, irrespective of disease status; this is in agreement with prior reports from the United States and suggests similar Vit D biosynthesis and biological processes irrespective of global geographic location. 34 The authors' data show that, in women afflicted with UFs, there is a statistically significant negative correlation between serum Vit D levels and UF volume. The largest fibroid tumor burden was observed in women with the lowest serum Vit D levels. This indeed establishes a dose-effect paradigm and provides strong evidence for a biological role for Vit D in the pathogenesis of UFs. Several studies in the last decade have suggested a role for Vit D in muscle strength, cardiovascular health, neurological diseases, insulin-resistance, malignancies, autoimmune diseases, and infections. 35 The present authors' data extend that role to include UFs, an important global disease of the female reproductive tract. The authors' recently published preclinical work suggests a dose-dependent inhibitory effect of Vit D on human fibroid cell growth in vitro. 15, 25 The authors have also reported that such effect is mediated through the downregulation of proliferating cell nuclear antigen, cyclin-dependent kinase 1, and TGF-β3-induced fibronectin and collagen type 1 protein expression, among others. 15 In addition, the authors have demonstrated that Vit D suppresses catechol O-methyl transferase expression and activity in human fibroid cells. 25 Such an emerging role of Vit D in UF biology is intriguing, as it presents a possible explanation for the high prevalence of such disease in the black population. 36, 37 It is well documented that UFs are at least two to four times more common in blacks than in whites. 2,3,36.37 It is also a well-established observation that the incidence of Vit D deficiency is more common in blacks than in whites. 38, 39 A possible etiologic factor for submit your manuscript | www.dovepress.com
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such disparity in serum Vit D levels is deep skin pigmentation, which makes Vit D photosynthesis inefficient in dark-skinned individuals. 40 A unifying model is emerging where a lifelong Vit D-deficiency status would be consistent with an earlier onset of UFs and a higher tumor burden, 41 which is indeed what the authors have observed in black subjects, as compared with white subjects and as reported in this study. Recently, the authors have reported that Vit D deficiency has also been associated with higher estrogen receptor and progesterone receptor expression and enhanced estrogen and progesterone signaling in the myometrium. 42, 43 Thus, chronic Vit D deficiency in black adolescent females would lead to chronic heightened estrogen and progesterone signaling in the myometrium, and this could then conceivably lead to the initiation and progression of UF in the presence of other triggering factors such as obesity, 44 certain genetic variants, and possibly also epigenetic alterations. 10, 36 Interestingly, BMI has been implicated in an increase of the risk of fibroid incidence. Studies have reported that when two BMIs of $30.0 and ,20.0 were adjusted for age, race, or ethnicity and compared, the BMI $ 30.0 was associated with a 2.3-fold increase in the odds for having fibroids. 45, 46 While the present authors see a slight difference in BMI between black and white subjects, reports indicate that there is no correlation between Vit D levels and BMI, especially in black women. 47 Another important translational application of the authors' data is the possible use of Vit D or its potent hypocalcemic analogues as a potential treatment and/or preventive option for UFs. Indeed, the authors' published data using the subcutaneous supplement of Vit D in the Eker rat, a preclinical model of spontaneous UF development, showed a dramatic shrinkage of UFs in a 3-week trial. 26 The authors have also observed similar effect of paricalcitol 48 on human fibroid cells in vitro (unpublished observation). Another attractive feature of Vit D as an antifibroid therapy is that the safety range for Vit D is wide, and only chronic overdosage with Vit D supplements in the presence of markedly impaired renal function may lead to levels considered to be toxic. 
Conclusion
The authors have documented the safety of Vit D in the Eker rat model of UFs, where no side effects and no negative effects on liver function tests were observed. 26 Further laboratory and clinical investigations of the role of Vit D in the biology of UFs are warranted. Further investigations could establish Vit D, or its analogues, as a novel oral noninvasive therapeutic/preventive agent for this common disease; this in turn would have a major positive impact on women's health worldwide.
